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Abstract
Deficits in sleep spindles, EEG oscillations during slow wave sleep, seen 
in schizophrenia (SCZ) are correlated with decreased sleep-dependent 
memory and negative SCZ symptoms. This literature review analyzes the 
potential therapeutic roles of eszopiclone and transcranial auditory 
stimulation in enhancing these sleep spindles and thereby cognition in 
patients with SCZ. Studies indicate sleep spindles can be manipulated by 
both eszopiclone and auditory stimuli and that increasing spindle number, 
density, length, and/or amplitude improves in sleep-dependent memory.  
Additional research is needed to establish the efficacy of either treatment 
in SCZ, but the current literature shows promising improvements to sleep-
dependent memory as a result of spindle manipulation.
Nicole Nahmod, MPH, MMS (c)
Faculty Advisor:  ToriAnne Yetter, MSPAS, PA-C
Department of Medical Science
SCZ is marked by distorted thoughts often leading to social and vocational 
disability. SCZ treatment includes behavioral therapy and antipsychotic 
medications to help control psychotic symptoms, however, cognitive 
impairments go largely untreated due to a lack of effective options.1
Sleep spindle deficits are an important biomarker and therapeutic target in 
patients with SCZ because they consistently:2
● Present across schizophreniform disorders
● Predictive of social functioning and vocation disability
● Contribute to disruptive symptoms
● Important for learning, cognition, and memory 
● Precede symptom onset
● Persistent, +/- medication
Introduction
Methods
A literature search conducted in November 2019 using PubMed and 
Cochrane Library researched sleep spindle treatments to yield seven 
articles relevant to the use of eszopiclone or auditory stimulation in 
patients with schizophrenia. Articles were chosen based on date, 
relevance, intervention, and study design.
• No current consensus as to whether spindle number, density, length, or 
amplitude is the ideal therapeutic target.
• The recent studies in this appraisal suggest affordability and 
accessibility of overnight electrodes are less of a barrier than originally 
believed, as use of a few disposable electrodes and standard earbuds 
or speakers have been sufficient for monitoring and delivering auditory 
stimuli at home
• Treating sleep spindle deficits in patients with SCZ with eszopiclone, 
auditory rhythmic stimulation, or both is future direction worthy of 
additional research
• Researching sleep spindles involvement in memory consolidation is 
important for elucidating several neuropsychiatric conditions, including 
SCZ and Alzheimer’s Disease
Discussion Results 
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Treating Sleep Spindle Deficits in Schizophrenia: 
Eszopiclone vs. Auditory Rhythmic Stimulation
• Spindle parameters and topography in SCZ need to be consistently 
defined to identify the most common and debilitating deficits
• To measure the therapeutic value of auditory rhythmic stimuli, 
researchers must demonstrate the ideal protocol including the type of 
noise, frequency of the noise, length of stimulus, number of stimuli per 
night, number of treatment nights, and the best way to monitor spindles. 
• There is not sufficient evidence to suggest immediate therapeutic utility 
of eszopiclone or auditory rhythmic stimuli in the management of 
patients with SCZ, schizophreniform disorders, or first-episode 
psychosis, however, non-pharmacologic options could be considered 
alternative or adjunctive options in the near future
Conclusion
The appraised studies demonstrated two major findings.
1. Sleep spindle deficits are correlated with sleep-dependent 
memory and negative schizophrenia symptoms
2. Sleep spindles can be manipulated by eszopiclone and 
auditory stimuli.
• In control samples: Auditory stimulation enhanced spindle 
number, density, length, and amplitude with associated 
improvements in sleep-dependent memory. 
• In samples with SCZ: eszopiclone increased the number and 
density of sleep spindles while also improving sleep-
dependent memory. 
Figure A, above, adapted from Kaskie et al 2019,  depicts spindle features.3
Table 1, below, highlights the combinations of topographic 
stimulation location, spindle frequency, and spindle number, 
density, length, amplitude, and associated with performance on 
tasks of sleep-dependent memory and SCZ symptoms. More 
research is needed to establish clear causal relationships. 
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Key: ↑ = significant increase compared to sham or control; ↓= significant decrease 
compared to control; NS = not significant, X= not measured
Note: “Topographic Location” and “Response Frequency” indicate statistical significance 
Table 1:Comparison of Results
Figure adapted from Manoach & Stickgold 20191
